Introduction
T he prevalence of nutritional disorders has been increasing worldwide in recent years. This increase, which has been termed a global, [1] [2] [3] is part of a broader nutritional transition characterized by lifestyle and diet changes 4 in a context of rapid economic development. People living in developing countries, such as those of North Africa, and immigrant populations in developed countries are particularly at risk, and nutritional disorders have become a rapidly growing threat to their public health.
North African residents
In most developing countries, urbanization is a major factor involved in the high prevalence of obesity. 3, [5] [6] [7] Although Africa is the least urbanized continent, its population is becoming increasingly urban and its cities are growing at unprecedented rates. Despite widespread poverty in North African cities, there is easier access to cheap foods with high fat and sugar contents among the urban poor than among the rural population. [8] [9] [10] [11] A more industrial diet has been replacing their traditional diet. [12] [13] [14] Although total energy intake is higher in rural areas, it has a lower contribution from fats and animal products. 4 Calorie expenditure is also higher in rural people because of agricultural work and lower use of transportation systems; in contrast, urban people ride motorcycles, cars or buses. 4 Therefore, urbanization, aging and the socio-economic level have been considered the main determinants of low physical activity levels in North African populations. [14] [15] [16] Accelerated urbanization and altered dietary and lifestyle patterns have caused a progressive increase in cardiovascular risk factors such as obesity, hypertension, diabetes and hypercholesterolemia. [13] [14] [15] 17 Contrary to what occurs in developed countries where low socioeconomic status (SES) and poor neighbourhoods are associated with a higher prevalence of obesity and chronic diseases, 18, 19 an inverse or low SES-high adiposity association has been reported in Africa. [20] [21] [22] Female fatness is a cultural symbol of beauty, fertility and prosperity. 17, 23, 24 Women with low educational levels do not recognize the risks and health consequences associated with overweight and obesity, as fatness is considered desirable and perceived as related to higher social status. 17 Nevertheless, few studies have examined these associations over time, making it difficult to assess the socio-economic differences in the rate of progression to overweight and obesity in urban Africa. 11, 25, 26 Despite the alarming effects of obesity on health, economy and society, national strategies to combat obesity do not exist in North African countries. Thus far, obesity has not been recognized as a major public health priority, and convincing policy makers about the need to prioritize action to prevent obesity will be a crucial first step. 27 
North African immigrants
The health status of immigrants is a research field of growing interest. In addition to being important for public health, it allows the formulation of hypotheses on the role of environmental vs. biological determinants of chronic diseases. 28, 29 Several studies have shown that chronic disease patterns in immigrants rapidly change and become similar to those of their new host country. 29 The rates of mortality and morbidity linked to nutrition-related non-communicable diseases (NCDs) are higher in immigrants than in the native population 30, 31 and also higher than the population of their home country. [32] [33] [34] Non-Western immigrants living in Western countries partly adopt the so-called 'Western lifestyle', characterized by a high prevalence of cigarette smoking, alcohol intake and physical inactivity, with a consequent increase in overweight. [35] [36] [37] [38] This lifestyle is an important determinant of cardiovascular diseases, diabetes and certain types of cancer. 2, 39 Differences in acculturation and perceived ethnic identity between first-and second-generation immigrants produce changes in behavioural risk factors over time. [40] [41] [42] First-generation immigrants are expected to adopt Western behavioural practices less readily than second-generation ones because of their stronger identification with their ancestral groups and less acculturated position. 41, 43 Nevertheless, according to some authors, Mediterranean immigrants living in Europe appear to be in better health 44 and have a lower mortality rate than localborn populations, 31, [45] [46] [47] [48] [49] [50] especially for nutrition-related NCDs. The origin of this so-called Mediterranean migrant paradox 51 may be linked to a healthier lifestyle, e.g. Mediterranean migrants could have a healthier traditional diet than the local-born population. However, the causes of this paradox are still not well documented. 49 The aim of this review was to evaluate and compare the prevalence of overweight or obesity in North African populations to identify differences in health risks among countries, between genders and between residents and immigrants in Europe.
Methods
We examined the literature on overweight or obesity status of North Africans living in their own countries or as immigrants in Europe. In particular, we attempted to gather data from experimental or review articles on the overweight/obesity prevalence in people from seven countries of North Africa (mainly Moroccans, Tunisians and Egyptians). In addition, data on physical inactivity (as a risk factor) were collected on these populations where available. Saharan adults AND physical inactivity) to identify North African population studies on the prevalence of obesity. Reference lists of all the papers identified were examined to search for other non-indexed studies. Local studies on this topic, suggested by co-authors of this review, were also examined because of the paucity of data.
In all the studies, obesity was assessed by BMI (as body mass index = weight/height 2 , kg/m 2 ), as this remains the most widely available measure for studying weight status at the population level. The following WHO cut-offs were considered in almost all the studies: BMI ! 25 kg/m 2 defined overweight, BMI ! 30 kg/m 2 defined overall obesity. The tables report the data on the place and year of study, study population, age range, sex, sample size (where possible), diagnostic criteria, results and notes. In the cases where the number of subjects was reported, the 2 test was used to assess the difference in the prevalence of overweight and obesity.
Results

North African sample
Overweight and obesity Table 1 shows the data on the prevalence of overweight and obesity in North African populations. Most data regard Moroccans, Egyptians and Tunisians, whereas there are few data on Libyans, Sudanese, Algerians and Western Saharans. In all the samples from different nations, females and urban people have a higher prevalence of overweight and obesity than males and rural dwellers. The only exception is the Egyptian urban sample (1998-99) reported by Galal. 52 The mean difference between urban and rural environment is of 5.6% (males) and 19.6% (females) for obesity in Tunisia, $0.4% (females) and 17.2% (males) for overweight and $19% (females) and 14% (males) for obesity in Egypt, $6.3% (females) and 5.3% (males) for overweight and $6.3% (females) and 0.7% (males) for obesity in Morocco.
For females, Moroccans have the highest prevalence of overweight (47.8%), whereas Tunisians have the lowest (12.8%). The prevalence of obesity is extremely high in Egyptians (46.6%) 55 and low in Moroccans (rural sample 3.7%; national 6.4%). 4, 66 For males, the highest values of overweight (urban sample 45.3%) and obesity (20.0%) are in Egyptians, 52 whereas the lowest ones are in Tunisians (overweight: 8.9%) 61 and Moroccans (obesity: rural sample 1.3%; national 1.6%). 4, 66 Despite the paucity of data and the use of methods that are not always standardized, an increasing trend in the prevalence of overweight/obesity was observed in North Africa over time.
In Egypt, between the 1995 and 2004 surveys, there was a decrease of overweight among female adults from 31.3 to 26.9% and an increase of obesity from 20.5 to 48.2%. Data for large samples of urban women indicate that by 1998 the mean BMI for women was in the obese range (30.08). According to the 2008 Egyptian Demographic Health Survey, the mean BMI of all women aged 15-59 years was 28.9 (40% of them were obese vs. 18% of men). Men have been less studied, but the 1998/1999 survey indicated that 65.3% of urban Egyptian men and 34.1% of those in rural areas were overweight or obese.
In Morocco, obesity and overweight also show an upward trend with a clear gender difference: obesity increased in men from 1.6% in 1984-85 to 4.3% in 1998-99 and from 6.4 to 16% in women. Moreover, it increased from 5.5 to 12.2% in the urban population and from 2.6 to 7.4% in the rural one. The 2000 national survey to determine the prevalence of hypertension revealed that 13.3% of Change in Overweight and obesity in North-African immigrantsindividuals aged !20 years were obese, 22% among women and 8% among men. 67 In Tunisia, the National Nutrition Institute survey in 1997 revealed that female obesity was a serious public health problem in that country: the prevalence of overweight and obesity increased from 28.3% in 1980 to 51% in 1997. 17 In 2005, the national prevalence of overweight was 61.5%, high for men (51.7%) but even higher for women (71.1%); the prevalence of overall obesity was 25.4%, 13.3% for men and almost three times higher for women (37.0%). 62 The limited literature data available for the other North African nations did not allow us to define a trend over time in the prevalence of obesity.
Physical inactivity
This evaluation is difficult because data on the prevalence of physical activity in the North African region are limited and collected with different criteria. In general, physical inactivity is higher in North African female residents than in males ( Table 3 ). The prevalence of physical inactivity among adults (males plus females) in North African countries varies between 21.6% in Algeria to 86.8% in Sudan. 54 In Egypt, the STEPS Survey 2011-12 carried out in adults aged 15-65 years shows that 23.3% of males and 42.0% of females have low levels of activity (defined as <600 Metabolic Equivalent, METminutes per week), with males practicing higher levels of strong physical activity than females. 58 Among Moroccans, the prevalence of physical activity is 67.4% in males and 54.6% in females, and its practice decreases with increasing weight status. 68 The lowest levels of physical inactivity are in Algerians: according to different studies, 42.6% of the population older than 25 years and 21.6% of the population 25-64 years old is inactive.
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North African immigrants in Europe
Overweight and obesity Table 2 shows the data on the prevalence of overweight and obesity in North African immigrants in Europe. The results concern mainly Moroccans and to a lesser extent Tunisians. No data are available for the other groups.
The highest prevalence of overweight was observed in Hajj pilgrims (Tunisians) in Marseille (France), 72 the sample consisting of both males and females. For males, Moroccan immigrants in the Netherlands have the highest prevalence, 75 whereas for females, the highest prevalence is in Moroccan immigrants in Italy. 73 Females generally present a higher prevalence of obesity than males. The highest values were observed in Moroccan females in Amsterdam, 78 whereas the highest prevalence of obesity in males was shown by Moroccans living in Spain. 79 The comparison between residents in Africa and immigrants in Europe was possible only for Moroccans and Tunisians. Figures 1  and 2 show comparisons for obesity according to the most recent literature data in males and females; we do not report data on overweight because they often refer to different survey years, complicating the graphical representation and interpretation. In Tunisians the comparison is possible only for males; it indicates a higher prevalence of obesity in immigrants in Italy than in residents of Tunisia. Moroccan male immigrants in the Netherlands and Italy also show a significantly higher prevalence of obesity than Moroccan residents (P < 0.05). The prevalence of obesity is significantly higher in Moroccan female immigrants in Spain (P < 0.05) and the Netherlands (P < 0.05) than in females living in Morocco, although the values for Moroccan residents and immigrants in Italy are similar to each other.
Physical inactivity
A 47.6% prevalence ( There is a consistent difference between men and women in the prevalence of these weight disorders. Females show higher frequencies of overweight and obesity than males in both North African residents and immigrants living in Europe. The gender disparity in overweight and obesity is exacerbated among women in developing countries, particularly in the Middle East and North Africa. 80 This gender difference in obesity is higher in urban settings but lower among people with higher educational and professional levels. 62 In particular, the literature data show that the highest prevalence of obesity is reached in Egyptian females. This could be related to cultural values, as North African populations favour larger body size among women as a sign of fertility, healthiness or prosperity, with particularly alarming rates of obesity in North Africa, 81 especially in Egyptian women. 3, 26 Among males, Egyptians again show the highest values of overweight and obesity.
Despite the limited literature data available, an increasing trend over time in the prevalence of obesity was observed in North African countries, especially in Egypt. Obesity is higher in females than in males and in urban people than in rural ones, in agreement with populations in other parts of Africa. 6, 82 Accelerated urbanization and changes in dietary and lifestyle patterns (especially physical inactivity) have contributed to the increased prevalence of obesity, hypertension, diabetes and hypercholesterolemia, and thus the risk of cardiovascular diseases, in North African populations. [13] [14] [15] 17 Popkin et al. 83 reported that diets in low-and medium-income countries are converging on what is often termed the 'Western diet', characterized by a high intake of refined carbohydrates, added sugars, fat and foods of animal origin. 84 New access to technologies and regulatory environments is changing the diets of these low-and middle-income countries, especially in urban areas but also increasingly in rural ones. This dietary change in many developing countries is likely the basis of the excess weight gain among both genders but affecting women more than men, with a greater increase in triglyceride levels in women. 80, 85 Studies on North African immigrants in Europe mainly refer to Moroccans and Tunisians, the largest migrant groups. The highest obesity values are in Moroccan females in the Netherlands, particularly in Amsterdam, and in Tunisian males in Italy. A comparison of the prevalence of overweight and obesity between residents in Africa and immigrants in Europe is difficult due to the lack of data. In general, immigrants show higher frequencies of weight disorders than residents of their home country, with a few exceptions in females. The North African immigrant population also has a higher prevalence of cardiovascular risk factors than the populations of their home countries. 76, 78, 79 It must be considered that there are many potential sources of risk accompanying migration or acculturation. The immigration process probably influences health status, especially with respect to chronic diseases. Several studies have shown that immigrants rapidly adopt the chronic disease patterns of their new host country. 29 Negative emotions induced by chronic stress contribute to chronically high blood pressure, and there is a positive relationship between hypertension and metabolic imbalance disorders (especially obesity). 73, 86 Nevertheless, male Tunisian immigrants residing in France enjoy better health with respect to overweight and NCDs than the local French, supporting the hypothesis of a 'Mediterranean migrant paradox' regarding mortality and morbidity in France. 49 In addition, the comparison between migrants and their non-migrant counterparts in Tunisia suggest that both cultural (alcohol consumption) and environmental factors (physical activity, smoking habits) are involved in the paradox.
In general, all immigrant groups participate in sporting activities less frequently than the native population. 76 This can be ascribed partly to cultural differences in sports participation among ethnic groups and between men and women, as women participate in sports less frequently than men. 76, 87 Because overweight and obesity reflect an energy imbalance, the main areas of intervention are dietary intake and energy expenditure, for which the main modifiable component is physical activity.
In North African populations, the reduced work-related energy expenditure in the more labour-intensive occupations, changes in transportation, leisure and domestic production have led to reduced physical activity. 83, 88, 89 The transition from agricultural labour (production and subsistence) to salaried labour that occurred towards the end of the 20th century in many developing countries decreased the physical activity of women more than men.
Throughout both North and Sub-Saharan Africa, obesity and physical inactivity in both sexes is associated with high social status, fertility, good health and prosperity. 17, 61, [90] [91] [92] Furthermore, gender differences in cultural (regional) habits can intensify the gender differences in obesity. 17 
Conclusions
This study gives an overview of the available data on the prevalence of overweight and obesity in North African adults, indicating a different distribution among North African countries, between genders and between residents and migrants. The increasing trend of overweight/obesity in both North African residents and migrants highlights the increasing health risks for these people. Few data were found on nutritional status and on factors affecting it in Libyans, Algerians, Sudanese and Western Saharans. Hence, there is a need to update and complete the information on these countries and to continue monitoring the situation to prevent future diseases. The prevalence of obesity is increasing in African immigrants in Europe, generally confirming a tendency to a higher health risk in minority groups than in European natives. The scarce or completely lacking data on mean values of BMI for age, sex and socio-economic classes (especially in North African surveys) indicate an urgent need for research on these topics to plan adequate intervention programmes. Only continuous and accurate surveys of the evolving situation will allow us to provide relevant tools and strategies for health promotion in North African and European countries.
